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The discipline of human factors and ergonomics emerged as a direct result of 
problems encountered in military systems during World War  II. Advances in 
technology (e.g., radar and sonar) created new capabilities and opportunities; it 
also created the potential for new kinds of failures (some subtle, some 
spectacular). Military contexts continue to be a proving ground for technological 
innovation. For example, a wide variety  of new forms of data have become 
available for today’s military decision makers (e.g., fuel and ammunition levels 
in individual vehicles, sensor data, sattelite and UAV imagery, etc.). Similarly, 
advances in graphical display and interface technology (e.g., high-resolution, 
bit-mapped screens) provide new options in the presentation of these data. 
Together, these new technological advances provide the potential to improve the 
efficiency and effectiveness of military operations. 123
124  BENNETT AND SHATTUCKUnfortunately, this potential is not being realized. Existing Army systems 
grossly under-utilize these display and interface resources. To be fair, it should 
be noted that it is not a problem that is germane to just the Army; the same 
criticisms can be leveled at many other work domains as well. The general 
question is how can we leverage the potential that is provided by today’s 
hardware and software technology in the design of our socio-technical systems?  
More specifically, in the context of Army command and control: How do we go 
about designing interfaces that commanders will find both powerful and easy to 
use?  
This chapter reviews a research program that was conducted under the ARL 
ADA CTA program with these questions in mind. An ecological interface was 
designed to support mobile battalion-level commanders during tactical 
operations. The particulars of this interface, the framework which guided its 
development, and the implications for display and interface design in general 
will be discussed. 
GRATUITOUSLY GRAPHICAL USER INTERFACES (GGUI)
The technological advances referred to earlier are capable of producing very fast 
and sophisticated graphics in the interface. In fact, the term “graphical user 
interfaces” (GUI) was coined early on to describe this capability. This term is 
certainly apropos. The problem is that, far too often, the graphical objects in 
these interfaces do NOT represent meaningful aspects of the underlying domain. 
The powerful graphics are wasted on vacuous “eye candy” while the meaningful 
information in the domain is portrayed via relatively ineffective alpha-numeric 
formats. The definition of the word gratuitous is “uncalled for, lacking good 
reason, or unwarranted.”  Since this is a perfect description of how the powerful 
graphics technology is squandered in these interfaces, we propose the modified 
term of “gratuitously graphical user interfaces” (GGUI) to describe them. In the 
following section we will describe a representative example of a GGUI from the 




Ecological Interface Design for Military C2  125The overall goal of our ARL ADA CTA research program was to design 
graphical interfaces that provided decision support for mobile, battalion-level 
commanders during tactical operations. The Army interface that most closely 
matched this purpose at the onset of the research program (2000) was the “Force 
XXI Battle Command Brigade and Below” (FBCB2) interface. At that time the 
FBCB2 interface was just beginning to be placed in the field for selected Army 
tactical units. A recent visit to the Army’s National Training Center suggests 
that this interface has become a staple in today’s tactical operations centers. We 
developed experimental versions of this interface to replicate its visual 
appearance and selected functionality (e.g., Talcott, Bennett, Martinez, Shattuck, 
& Stansifer, 2007); the original version is illustrated in Figure 7.1. 
The FBCB2 interface will be analyzed with regard to three general types of 
representations that might be used in an interface: analogical, metaphorical, and 
alpha-numeric (Bennett & Flach, In Preparation). 
Analogical. Analogical representations provide a one-to-one mapping between 
an object in the interface and an object in the work domain. The primary 
analogical representation in the FBCB2 interface is the contour map: there is a 
one-to-one correspondence between changes in the elevation of the real-world 
battlefield terrain and changes in the density and orientation of the contours on 
the map.





Metaphorical. Metaphorical representations lack this one-to-one 
correspondence; the information that they provide is more symbolic in nature. 
Metaphorical representations found in the FBCB2 interface include the 
rectangular shapes that appear on the contour map. These symbols represent 
tactical units (e.g., a company) and convey information about its physical make-
up (e.g., the ovals symbolically represent the treads of a tank and indicate their 
presence in the unit). 
126  BENNETT AND SHATTUCKAlpha‐numeric. Alpha-numeric representations are numbers and letters (e.g., 
the numbers and labels on both the contour map and the buttons found on the 
right hand side of the FBCB2 interface). The interpretation of this 
representational format is quite different from the previous two. In analogical 
and metaphorical representations there is a resemblance between the visual 
appearance of an object in the domain and an object in the interface. In contrast, 
the interpretation of an alpha-numeric representation depends totally upon a 
culturally-defined meaning: the mappings between objects in the interface and 
objects in the domain (i.e., numbers and letters) are completely arbitrary. 
The primary reason that the FBCB2 interface qualifies as a GGUI is due to the 
relative proportion of meaningful information that is presented using alpha-
numeric representations. For example, the status of friendly combat resources 
(e.g., tanks, Bradleys, fuel, ammunition, personnel) is important information. In 
the FBCB2 it appears as alpha-numeric text inside a window that covers the 
contour map, as illustrated in Figure 7.1 (right panel). This is but one example of 
how the meaningful information is presented alpha-numerically, rather than 
analogically. 
This is an unfortunate design choice. Consider the difference between two 
numbers that are represented as digital values. The size of the difference can be 
mentally calculated, but it cannot be seen directly in the representation. Now 
consider the same two numbers represented as bar graphs (an analogical 
representation). In this case the size of the difference can be seen directly. This 
is exactly what the quotation at the beginning of this section is alluding to (as 
cited in Wainer, 1981, p. 236). 
The difference between these two types of representations can have a large 
impact on performance. For example, Bennett and Walters (2001) compared 
performance between analogical and digital displays for a complicated process 
control task. The analogical display was clearly superior; difficulties with the 













Thus, the FBCB2 interface provides one example of a GGUI. The vast majority 
of the graphics are gratuitous: there are graphical tabs, buttons and colored 
boxes. However, most of the critical information in FBCB2 is represented alpha-
numerically. These representations are excellent for adding detail and 
clarification. However, information that is analogical in nature (e.g., combat 
resources) should be represented analogically in the interface. Otherwise the 
inherent power of graphics technology to support direct perception is not 
realized. In the next section we will describe a theoretical framework that can be 
used to develop and evaluate graphical user interfaces that are not gratuitous. 
COGNITIVE SYSTEMS ENGINEERING (CSE)
The FBCB2 interface is not an isolated example, either in the Army or in 
general: good interfaces are surprisingly difficult to design and implement. 
Building a good interface is a difficult process that requires knowledge and 
multi-disciplinary expertise. 
Cognitive systems engineering provides a comprehensive framework for design 
and evaluation that can guide these efforts. The CSE approach maintains that 
interface and display design is ultimately a form of decision making/problem 
solving support for agents completing work in a domain. From this perspective 
there are three fundamental components: the domain (i.e., the work to be done), 
the cognitive agents (including both humans and machines) responsible for 
doing the work, and the interface (i.e., the displays and controls). These three 
components are illustrated in Figure 7.2. Each component contributes a set of 
independent, but mutually-interacting, set of constraints on the performance of 




An analysis and description of the underlying constraints in a domain (i.e., a 
work domain analysis) is absolutely essential; it is the starting point for interface 
design. The CSE approach provides analytical tools for discovering and 
modeling these work domains. Two primary tools are the abstraction (“means-
ends” relations) and the aggregation (“part-whole” relations) hierarchies 
(Rasmussen, 1979, 1983). Conducting a domain analysis using these tools is 
essentially the process of building a model of the domain in terms of the critical 
categories of information (e.g., physical, functional, and goal-related aspects) 
and the relationships between these categories. 
Agent Constraints
The analytical tool for modeling human constraints is the SRK classification 
scheme developed by Rasmussen (1983). Skill-, rule-, and knowledge-based 
behaviors represent modes of behavior (or control) that are independent of the 
underlying psychological mechanisms.
Skill‐based behavior. These are the high-capacity, sensory-motor activities that 
are executed without conscious control. Consider an agent driving a car. The 
road provides a reference “signal” that is perceived by the agent; the agent 
produces motor activity (e.g., turning the wheel) that minimizes deviation from 
this signal. The agent coordinates and adjusts his/her actions based on feedback 
obtained from the continuous, space-time signals that arise from (and are 
specific to) the combination of structure in the environment and observer action. 
Ecological Interface Design for Military C2  129Rule‐based behavior. The agent has developed effective solutions and 
associated actions based on prior experience or knowledge. The agent reacts to 
cues or “signs” that determine when a stored procedure should be executed. In 
the car-driving example, the agent is following directions to get to a destination. 
The route is monitored for key aspects of the environment (e.g., the street sign 
for Elm Street) that will trigger the associated behavior (e.g., “turn right”). 
Knowledge‐based behavior. The agent is faced with situations which have not 
been encountered before and is essentially engaged in problem solving. The 
agent is forced to engage in model-based analysis to derive potential solutions. 
In the car-driving example this might occur when a familiar route is blocked 
(e.g., construction) and an alternative route must be derived (based on a map or 













As previous sections have alluded to, the interface also contributes a set of 
constraints that have an impact on performance. There are two fundamental 
principles of effective interface design: direct perception and direct 
manipulation. The extent to which these two desirable characteristics are 
achieved in an interface will be determined by the quality of very specific sets of 
mappings between the interface, the domain and the agents (see Figure 7.2). A 
brief summary of each principle will be provided here; additional details are 
provided in Bennett and Flach (In Preparation).
130  BENNETT AND SHATTUCKDirect perception. In describing direct perception, Rasmussen et al. (1994, p. 
129) observed that “In Gibson’s terms, the designer must create a virtual 
ecology, which maps the relational invariants of the work system onto the 
interface in such a way that the user can read the relevant affordances for 
actions.”  Successfully achieving direct perception involves 1) the incorporation 
of the categories of information that were identified in the work domain 
analysis, and 2) building representations of these constraints in the interface that 
allow that information to be obtained, or picked-up, easily by the agent. 
Direct manipulation. Norman (1986, p. 53) described direct manipulation as 
“... the qualitative feeling of control that can develop when one perceives that 
manipulation is directly operating upon the objects of concern to the user. The 
actions and the results occur instantaneously upon the same object.”  
When direct perception and direct manipulation have been achieved the 
interface will produce space-time signals that can be perceived and acted upon. 
More specifically, the displays and controls in an effective interface will 
maintain an intact perception-action loop thereby supporting skill-based 
behavior. This feature has an intuitive link to Gibson’s work (e.g., Gibson, 
1966). 
Effective displays and controls should also provide a rich set of signs for action 
as well. These cues will suggest the appropriate action to be taken to an expert 
agent, thereby supporting recognition-primed decision making (Klein, 1989) and 
rule-based behavior. 
Finally, to support performance during novel situations the displays should 
contain symbolic representations from the categories identified in the work 
domain analyses (i.e., the abstraction and aggregation hierarchies). These 
representations will serve as external models of the domain to support problem 
solving behavior (i.e., knowledge based behavior). 
THE RAPTOR INTERFACE
The ecological interface that was designed from the CSE/EID perspective during 
the ARL ADA CTA will now be described. An overview illustration of the 
Representation Aiding Portrayal of Tactical Operations Resources (RAPTOR) 
interface is provided in Figure 7.3. Only a brief synopsis of this interface will be 
provided here. Please see Bennett, Posey, and Shattuck (2008) for more details 
on the domain work analyses and the rationale for each of the displays.
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Friendly combat resources and their representation in the 
FBCB2 interface were discussed earlier. The corresponding RAPTOR display is 
illustrated in Figure 7.4. The primary format is analogical in nature: there is a 
bar graph for each combat resource. The horizontal extent of each bar graph 
varies dynamically as a function of the percentage of the associated resource. 
The color of each bar graph represents the categorical status of the combat 
resource. The static categorical boundaries are also represented analogically. 
Precision is provided via the alpha-numeric labels and digital values. The 
background color of the rectangular shape represents its overall combat 














Displays for enemy combat resources are also needed. There is, of course, a 
higher degree of uncertainty in these estimates, relative to friendly combat 
resources. Army intelligence officers indicated that the primary concern was the 
status of enemy combat vehicles (i.e., tanks and personnel carriers) in terms of 
three categories: 1) those that have been observed and verified as being alive (A) 
and dangerous, 2) those that have been engaged and disabled (D), and 3) and 
those that are templated (T): likely to be in the area of engagement, but not yet 
observed). 
The primary representation format for this information in RAPTOR is a 
horizontal contribution (or stacked) bar graph (see Figure 7.5). Each segment of 
a bar graph represents alive, templated, and disabled vehicles, respectively. They 
are also color-coded (bright red, dull red, gray, respectively). The analog 
graphics are also annotated with digital values that provide exact values of the 
number of vehicles in each category (and assorted other information). The 
bottom contribution bar graph represents tanks. The lack of red segments 








The domain analyses revealed that a critical consideration in tactical operations 
is “force ratio”: the relative amount of combat power that exists between two 
opposing forces at any point in time. A simplified estimate of force ratio was 
devised based on the relative number of friendly and enemy tanks and armored 
personnel carriers. 
The force ratio display is illustrated in Figure 7.6, on the right. The primary 
graphical format is the contribution bar graph. There are two of these, aligned on 
the left hand side with the origin of the axes; one is for friendly force 
equivalence (top) and one is for enemy force equivalence (bottom). The force 
ratio reflecting line is connected to these two bar graphs; changes in their 
horizontal extent push (or pull) the endpoint of the line, thereby changing its 









The force ratio trend display (left side of Figure 7.6) illustrates the actual and 
planned values of force ratio over time. The display is scaled using the laws of 
perspective geometry (e.g., Bennett, Payne, & Walters, 2005; Bennett & 
Zimmerman, 2001; Hansen, 1995). Trend lines for both actual values and 
planned values of force ratio are plotted on the display grids. The degree of 
spatial separation between the planned and actual trend lines visually specifies 
discrepancy from plan (an important consideration identified in the domain 
analyses). 
Spatial Synchronization Matrix Display
Ecological Interface Design for Military C2  135The spatial synchronization matrix display illustrates a number of spatial 
constraints (see Figure 7.7) that are critical to land-based tactical operations. The 
primary component is a contour map providing an analog spatial metaphor of 
the physical characteristics of the battlefield terrain. Synchronization points (i.e., 
a physical location on the battlefield that a friendly unit must occupy at a 
particular point in time) are represented by labeled circles. The planned spatial 
route for each unit in the mission is represented by the activity segments (lines) 
that connect the synchronization points. Additional analog spatial information in 
the display includes transparent icons representing friendly unit locations, arcs 









136  BENNETT AND SHATTUCKThere is also a need to coordinate the activities of the various units across time, 
which is supported by the temporal synchronization matrix display (see Figure 
7.8). Time is represented in the X axis of the matrix, ranging from the initiation 
of the engagement (0) to a point three hours later in time (3). The various units 
involved in the tactical operation are represented along the Y axis of the matrix 
(e.g., Company B). A row in the matrix graphically illustrates the sequence of 
activities that are planned for each unit ( e.g., Breach North) and an analog 
representation of the amount of time that each activity should take (the 
horizontal size of the cell). In addition, temporal synchronization points (i.e., the 
points in time where there is a requirement to coordinate the activities of these 
units) are illustrated graphically by the thick gray lines that run vertically 








Ecological Interface Design for Military C2  137Visual changes in the display indicate the status of various activities with regard 
to their associated temporal synchronization requirements. For example, in 
Figure 7.8, Team C’s activity of “Breach South” has been highlighted by a 
change of color (yellow in the actual display). This indicates that this unit is in 
danger of not completing the activity on time. Similarly, the next activity for the 
same unit (“Move to Enemy”) has also been highlighted (red in the actual 
display). This indicates that the unit will not complete the activity on time (e.g., 
the unit cannot travel fast enough to reach the destination by the designated 
time). 
EVALUATIONS
The RAPTOR interface was evaluated continually throughout the entire time 
course of the ARL ADA CTA. Informal evaluations were obtained on a regular 
basis during two annual meetings. One of the meetings was attended by internal 
CTA researchers (including Army and civilian researchers working in 
government labs); the second was an exhibition format open to all Army 
personnel. In both cases invaluable feedback on the interface was obtained from 
researchers and practitioners who were very familiar with the domain.
Several formal empirical evaluations were also completed. All of these studies 
incorporated realistic tactical scenarios that were developed in cooperation with 
experienced Army practitioners. All of these studies also used experienced 
Army officers as participants. The majority of the studies compared performance 
with the RAPTOR interface to experimental versions of existing Army 
interfaces. The primary evaluations will be described in chronological order. 
Direct Perception
The first round of evaluation utilized controlled laboratory experiments that 
were designed to assess the effectiveness of selected displays and controls in the 
RAPTOR interface. For example, Talcott, Bennett, Martinez, Shattuck, and 
Stansifer (2007) evaluated the capability of the RAPTOR interface to support a 
critical activity: obtaining the status of friendly combat resources. A qualitative 
simulation of a traditional offensive engagement (i.e., “force-on-force”) was 
developed; the status of combat resources (e.g., ammunition) was summarized at 
three different points in time and at three different echelon levels (battalion, 
company, platoon). An experimental, baseline interface was designed to 
replicate the visual appearance and selected functionality of an existing Army 
interface (FBCB2, see Figure 7.1). 
138  BENNETT AND SHATTUCKThe participants were asked to report on the status of particular resources (e.g. 
the number of tanks) at particular echelon levels (e.g., company) using the two 
different interfaces. The accuracy and latency of their responses were recorded. 
Talcott et al. (2007, p. 131) summarize their results: “The superior performance 
of the RAPTOR interface was present in all assessment categories (quantitative, 
categorical, and needs), dependent variables (accuracy, latency), and echelon 
levels (battalion, company, platoon). These results clearly indicate that the 
RAPTOR interface provided better support for obtaining friendly combat 
resources than did the FBCB2 interface.”
Similar experiments were conducted to isolate functional characteristics of the 
FBCB2 interface and to evaluate other RAPTOR displays (e.g., enemy combat 
resources, see Figure 7.5). The results of one of these evaluations are illustrated 
in Figure 7.9. In this study three variations of the FBCB2 interface were 
developed to identify specific features of the FBCB2 interface responsible for 
the poor performance. The basic findings of Talcott et al. (2007) were 
replicated: performance with the RAPTOR interface was found to be 




Subsequent empirical studies expanded the scope of evaluation, moving away 
from the study of simple information extraction and toward the study of more 
complicated activities that need to be supported in tactical operations. More 
varied and more realistic scenarios were developed to accomodate this change in 
focus. Most importantly, these scenarios were continuous (i.e., not discrete 
snapshots) and interactive (i.e., dynamically evolving, not “canned”). 
One study examined two versions of RAPTOR: an enhanced version and a 
baseline version (without the force ratio, force ratio trend, and review mode). 
Experienced Army officers assumed the role of battalion commander and 
viewed a dynamic, authentic scenario. The scenario was paused at six different 
points that coincided with critical events and the participants were required to 
complete two questions (“Please verbally describe the situation as you 
understand it” and “What actions, if any, would you take at this time?”). 
Participants who used the enhanced RAPTOR interface exhibited a greater 
tendency to produce references to plans and operations orders. Participants were 
also extremely enthusiastic about RAPTOR. One participant stated “I could see 
that decision...the display made that decision abundantly clear to me...”  No 
more eloquent description of direct perception as a goal of interface design is 
possible. A second participant expressed the opinion that RAPTOR was “Much 
more useful than some of the other interfaces I’ve ... used ... in Iraq”. 
A final capstone evaluation was recently completed (Hall, In Preparation). The 
RAPTOR interface and a baseline interface (modeled on the functionality of the 
FBCB2 interface) were evaluated. Sixteen experienced officers participated. 
One dynamic, interactive scenario was used during training (defensive) and two 
(offensive, counter-insurgency) were used during testing. Performance on the 
following dependent measures were obtained.
Situation Reports (SITREP). Participants filled out 22-item status reports on the 
current state of the engagement (e.g., physical locations, combat resources, 
historical activities of friendly and enemy elements).
Commander’s Critical Information Requirements (CCIR). Participants 
monitored for (and then reported) sets of events that were designated as being 
particularly important to mission success (e.g., friendly activities, enemy 
activities, environment).
Decision Points. Participants chose between alternative courses of action that 
were appropriate under different sets of critical events.
140  BENNETT AND SHATTUCKRequests For Information. The number of times that a participant accessed 
information contained in the written operations order. 
C‐SWAT. Participants reported their subjective workload. 
The data analyses are on-going and the results must be considered preliminary. 
However, the general trend is quite clear. Performance with the RAPTOR 
interface was dramatically better than performance with the Baseline interface 
for all dependent measures. Consider the results for situation reports, as 
illustrated in Figure 7.10. 
Figure 7.10
SITREP performance for FBCB2 and Baseline displays
Participants using the RAPTOR interface completed these reports in 
approximately half the time (means = 3.30 min. vs. 6.05 min.) and with 
approximately twice the accuracy (means = 98% vs. 54%) than those 
participants using the Baseline interface. Overall, RAPTOR participants 
produced significantly better performance on almost all dependent measures: 
better SITREP reports, more effective CCIR monitoring, less need to access the 
written operations orders, and lower perceived workload.
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Cognitive systems engineering (Rasmussen, et al., 1994) and ecological 
interface design (Bennett & Flach, In Preparation; Rasmussen & Vicente, 1990) 
provided the theoretical framework that was used to guide the development of 
the RAPTOR interface. The goal in interface design is to bring the highly 
efficient perceptual-motor skills of the human to bear on the problem of human-
computer interaction. Providing representations that support direct perception is 
the first step, ensuring that the relational invariants of the work system are 
present in the interface. This, in turn, provides affordances: these invariants will 
suggest control actions that are appropriate, given the current context. Direct 
manipulation has been achieved when these control actions can be executed 
through the selection and manipulation of the objects that are present in the 
interface. Effective perception-action couplings need to be established: the agent 
should be able to use highly efficient perceptual-motor routines that allow 
effective synchronization with the space-time signals that are being presented in 
the interface. 
These ideas are embodied in the RAPTOR interface. In combination with 
domain expertise supplied over an extended period of time by Army co-
investigators, experienced officers, and laboratory researchers, a clearly superior 
ecological interface has been developed to provide decision support for tactical 
operations. 
There is a tremendous need for the injection of EID-inspired ideas, such as those 
embodied in the RAPTOR interface, into other military command and control 
interfaces. Military personnel are subjected to work conditions that can have a 
serious impact on their capability to perform in an effective manner. They 
experience sleep deprivation and extreme physical fatigue. They also experience 
high degrees of stress, where the stakes can involve life or death. It is under 
these conditions that the benefits of the CSE and EID approach (the leveraging 
of powerful perception-action skills during decision making and problem 
solving) are likely to be magnified. 
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